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,QWURGXFWLRQ
)XHOOHG E\ H[SHFWHG FRQWLQXRXV JURZWK RI PDULWLPH WUDQVSRUW DQG WKH QHHG WR SURYLGH VXVWDLQDEOH
VKLSSLQJHFRQRPLFRSSRUWXQLWLHVGULYHSURSRVDOVIRUHYHUPRUHLQQRYDWLYHVKLSVDQGVKLSSLQJFRQFHSWV
5HFHQWH[DPSOHVLQFOXGHFUXLVHVKLSVZLWKKXJHVKRSSLQJPDOOVLQVLGHWKHVXSHUVWUXFWXUHDQGFRPSUHVVHG
QDWXUDOJDVWUDQVSRUWHUV$GYRFDWLQJULVNEDVHGDSSURDFKHVVKLSRZQHUVZLOOEHDEOHWRLPSOHPHQWWKRVH
LQQRYDWLYHVKLSVDQGPDULWLPHWUDQVSRUWVROXWLRQVZKLFKFDQQRWEHDSSURYHGWRGD\EHFDXVHOLPLWDWLRQVLQ
WKHFXUUHQWSUHVFULSWLYHUXOHVDQGUHJXODWLRQV6KLS\DUGVDQGHTXLSPHQWPDQXIDFWXUHUVZLOOEHQHILWIURP
WKH LQWURGXFWLRQ RI ULVNEDVHG DSSURDFKHV WKURXJK HQDEOLQJ QRYHO DQG RSWLPL]HG VKLSV DQG V\VWHPV
LQFRUSRUDWLQJ QHZ WHFKQRORJ\ IXQFWLRQDOLW\ DQG PDWHULDOV 7KH EHQHILWV DULVH IURP WKH IDFW WKDW \DUGV
DFTXDLQWHGZLWKULVNEDVHGDSSURDFKHVDUHDPRQJWKHILUVWWRUHVSRQGWRWKHGHPDQGIURPVKLSRZQHUVIRU
VXFKQRYHODQGLQQRYDWLYHVKLSV,QDGGLWLRQSURGXFWLRQFRVWVPD\EHUHGXFHGWKURXJKDSSOLFDWLRQRIULVN
EDVHG DSSURDFKHV ZKHQ HJ QRYHO V\VWHPV DOORZ IRU LPSURYHGPRGXODUL]DWLRQ 7KXV ULVNEDVHG VKLS
GHVLJQDQGDSSURYDO UHVSRQG WR WKHPDULWLPH LQGXVWULHV¶QHHG WRGHOLYHUHYHUPRUH LQQRYDWLYH WUDQVSRUW
VROXWLRQVWRWKHLUFXVWRPHUV$QGULVNEDVHGVKLSGHVLJQDQGDSSURYDODOVRUHVSRQGVWRWKHVRFLHW\¶VQHHG
WRKDYHLQFUHDVLQJO\VDIHUWUDQVSRUW

5LVNEDVHG VKLS GHVLJQ LQWURGXFHV ULVN DQDO\VLV LQWR WKH WUDGLWLRQDO GHVLJQ SURFHVV DLPLQJ WR PHHW
VDIHW\REMHFWLYHVFRVWHIIHFWLYHO\7KLV LV IDFLOLWDWHGE\XVHRIDGYDQFHGFRPSXWDWLRQDO WRROV WRTXDQWLI\
WKHULVNOHYHORIDSDUWLFXODUGHVLJQDQGLWVYDULDQWV5LVNLVXVHGWRPHDVXUHWKHVDIHW\SHUIRUPDQFH:LWK
VDIHW\EHFRPLQJPHDVXUDEOHWKHGHVLJQRSWLPL]DWLRQFDQHIIHFWLYHO\EHH[SDQGHGDQGDQHZREMHFWLYH±
PLQLPL]H ULVN± LVDGGUHVVHGDORQJVLGH WUDGLWLRQDOGHVLJQREMHFWLYHV UHODWLQJ WRHDUQLQJSRWHQWLDO VSHHG
DQGFDUJRFDUU\LQJFDSDFLW\$SSURYDORIULVNEDVHGVKLSVDQGWKHLUV\VWHPVFRQYHQLHQWO\FDOOHG5LVN
%DVHG$SSURYDO±LVWKHSURFHVVWRLGHQWLI\DQGUHVROYHLVVXHVUHODWLQJWRWKHUHJXODWRU\DFFHSWDQFHRIWKH
SURSRVHGGHVLJQ2EYLRXVO\WKHDSSURYDOSURFHVVQHHGVWRWDNHLQWRDFFRXQWWKHULVNDVVHVVPHQWIRUWKH
VKLSDQGLWVV\VWHPVDQGWKHUHIRUHDFDUHIXOUHYLHZRIULVNDQDO\VLVDQGHVWDEOLVKPHQWRIULVNDFFHSWDQFH
FULWHULDDUHFHQWUDOHOHPHQWVRIULVNEDVHGDSSURYDO

5LVNEDVHG DSSURDFKHV LQ WKH VKLSSLQJ LQGXVWU\ VWDUWHG ZLWK WKH FRQFHSW RI SUREDELOLVWLF GDPDJH
VWDELOLW\LQWKHHDUO\VL[WLHVDQGULVNEDVHGGHVLJQZDVODWHUZLGHO\DSSOLHGZLWKLQWKHRIIVKRUHVHFWRUDQG
LVQRZEHLQJDGDSWHGH[WHQGHGDQG LQFUHDVLQJO\XWLOL]HGZLWKLQ WKHVKLSSLQJVHFWRU6$)('25
ZDV WKH ILUVW ODUJH VFDOH SURMHFW WKDW GHYHORSHG HOHPHQWV RI D ULVNEDVHG UHJXODWRU\ IUDPHZRUN IRU WKH
PDULWLPH LQGXVWU\ DQG FRUUHVSRQGLQJ GHVLJQ WRROV WR IDFLOLWDWH ILUVW SULQFLSOH DSSURDFKHV WR VDIHW\
DGGUHVVLQJWKHFRPSOH[LW\RIDIXOO\FRPSUHKHQVLYHV\VWHP6WUDWHJLFUHVHDUFKREMHFWLYHVZHUHIRUPXODWHG
WRPHHWWKHRXWOLQHGJRDOV

'HYHORSDULVNEDVHGDQGLQWHUQDWLRQDOO\DFFHSWHGUHJXODWRU\IUDPHZRUNWRIDFLOLWDWHILUVWSULQFLSOHV
DSSURDFKHVWRVDIHW\
'HYHORSGHVLJQPHWKRGVDQGWRROVWRDVVHVVRSHUDWLRQDOH[WUHPHDFFLGHQWDODQGFDWDVWURSKLF
VFHQDULRVDFFRXQWLQJIRUWKHKXPDQHOHPHQWDQGLQWHJUDWHWKHVHLQWRDGHVLJQHQYLURQPHQW
 3URGXFHSURWRW\SHGHVLJQVIRU(XURSHDQVDIHW\FULWLFDOYHVVHOVWRYDOLGDWHWKHSURSRVHG
PHWKRGRORJ\DQGGRFXPHQWLWVSUDFWLFDELOLW\
7UDQVIHUV\VWHPDWLFDOO\NQRZOHGJHWRWKHZLGHUPDULWLPHFRPPXQLW\DQGDGGDVWLPXOXVWRWKH
GHYHORSPHQWRIDVDIHW\FXOWXUH
 ,PSURYHWUDLQLQJDWXQLYHUVLWLHVDQGDSWLWXGHVRIPDULWLPHLQGXVWU\VWDIILQQHZWHFKQRORJLFDO
PHWKRGRORJLFDODQGUHJXODWRU\GHYHORSPHQWVLQRUGHUWRDWWDLQPRUHDFFHSWDQFHVRIWKHVH
SULQFLSOHV
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7KHGHYHORSPHQWRI6$)('25DQGWKHSURJUHVVRYHULWVGXUDWLRQZDVSUHVHQWHGE\%DLQEULGJHHWDO
&KULVWHQVHQHWDO %UHLQKROWHWDO DDQGE6DPHVDQGGXULQJ WKHPLG
WHUPFRQIHUHQFHRI WKHSURMHFW)XUWKHUSXEOLF LQIRUPDWLRQ DQQXDO UHSRUWVQHZVOHWWHUV IDFWV VKHHWVDQG
SUHVHQWDWLRQVLVDYDLODEOHRQWKHZHEDWZZZVDIHGRURUJ7KHIROORZLQJFKDSWHUVGLVFXVVWKHDFKLHYHPHQWV
RI6$)('25DQGUHYLHZWKHSURJUHVVWRZDUGVWKHDERYHOLVWHGREMHFWLYHV

5HJXODWRU\IUDPHZRUN±WKHLPSDFWRI6$)('25
7KHUHJXODWRU\V\VWHPZLWKLQWKHPDULWLPHLQGXVWU\FRQVLVWVRILQWHUQDWLRQDOO\DJUHHGVWDQGDUGVDWWKH
,QWHUQDWLRQDO 0DULWLPH 2UJDQL]DWLRQ ,02 UHJLRQDOO\ DJUHHG UHJXODWLRQV DQG QDWLRQDO VWDQGDUGV
,QWHUQDWLRQDO $VVRFLDWLRQ RI &ODVVLILFDWLRQ 6RFLHWLHV¶ ,$&6 &RPPRQ 6WUXFWXUDO 5XOHV DQG 8QLILHG
5HTXLUHPHQWVFODVVLILFDWLRQUXOHVRIWKHLQGLYLGXDOFODVVLILFDWLRQVRFLHWLHVDQGRWKHUWHFKQLFDOVWDQGDUGV
7KHUHJXODWRU\V\VWHPLVDUHVXOWRIFRQWLQXRXVDPHQGPHQWSURFHVVHV0DQ\DPHQGPHQWVDUHUHVXOWVRI
PDMRU DFFLGHQWV WHQGLQJ WR DGGUHVV WKH VDIHW\ GHILFLHQFLHV UHVXOWLQJ LQ WKH ODWHVW DFFLGHQWV ± ZLWK IHZ
V\VWHPDWLF SURDFWLYH HOHPHQWV $W ,02 OHYHO 62/$6, DOORZV IRU HTXLYDOHQW GHVLJQ RI ³ILWWLQJ
PDWHULDO DSSOLDQFH RU DSSDUDWXV´ SURYLGHG LW ³LV DW OHDVW DV HIIHFWLYH DV WKDW UHTXLUHG E\ WKH SUHVHQW
UHJXODWLRQV´7KLVLQSULQFLSOHIDFLOLWDWHGULVNEDVHGDSSURDFKHVEXWZLGHXVHLVQRWGRFXPHQWHG7RGD\
WKH PRVW ZLGHO\ XVHG DQG NQRZQ UHJXODWLRQ 62/$6,, DGGUHVVHV DOWHUQDWLYH GHVLJQ DQG
DUUDQJHPHQWVIRUILUHVDIHW\7KHDVVRFLDWHGJXLGHOLQH,02DGYRFDWHVXVHRIHQJLQHHULQJDQDO\VLV

:LWKLQWKHSURMHFW6$)('25HOHPHQWDU\EXLOGLQJEORFNVIRUDULVNEDVHGUHJXODWRU\IUDPHZRUNIRU
VKLSSLQJ ZHUH GHYHORSHG 7KHVH FRPSULVH WKH DSSURYDO SURFHVVHV IRU VKLSV DQG VKLS V\VWHPV ULVN
HYDOXDWLRQDQGDFFHSWDQFHFULWHULDDW VKLSDQG IXQFWLRQDO OHYHODQG UHTXLUHPHQWV IRUGRFXPHQWDWLRQDQG
TXDOLILFDWLRQ 6L[ IRUPDO VDIHW\ DVVHVVPHQW )6$ VWXGLHV ZHUH FRQGXFWHG DQG VXEPLWWHG WR ,02 IRU
UHYLHZ E\ DQ H[SHUW JURXS 7KXV ZRUN SHUIRUPHG LQ 6$)('25 WRZDUGV D PRGHUQ DQG ULVNEDVHG
UHJXODWRU\IUDPHZRUNZLOODIIHFWWKHZD\ULVNLVPDQDJHGZLWKLQUXOHPDNLQJDW,02OHYHO7KHDSSURYDO
SURFHVVHV IRU ULVNEDVHGVKLSDQGVKLS V\VWHPVDLPSURYLGLQJDEDVLV IRUXVHE\DSSURYDODXWKRULWLHV WR
HQVXUH WKDW QRYHO DQG ULVNEDVHG GHVLJQV DUH KDQGOHG LQ D VDIH DQG HIILFLHQW PDQQHU DQG WR PDNH WKH
DSSURYDO SURFHVV PRUH WUDQVSDUHQW DQG UHOLDEOH 7KH NH\ HOHPHQW RI WKH QHZO\ SURSRVHG DSSURYDO
SURFHVVHVLVDQLQWHUPHGLDWHVWHSFDOOHGWKH³3UHOLPLQDU\$SSURYDO´ZKLFKFRQFOXGHVWKHILUVWSKDVHRIWKH
SURFHVVVHH)LJ7KHSUHOLPLQDU\DSSURYDODOORZVWKHFOLHQWWRGHPRQVWUDWHWKDWDQLQGHSHQGHQWWKLUG
SDUW\ DWWHVWV WR WKHQRYHO RU ULVNEDVHGGHVLJQZKLFKPD\ EHXVHIXOZLWK UHVSHFW WRSURMHFW SDUWQHUV$
VXPPDU\RIWKHQRYHODSSURYDOSURFHVVZLWKDOOUHOHYDQWGHWDLOVLVEHLQJVXEPLWWHGWR,0206&

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5LVNEDVHGUHJXODWRU\IUDPHZRUN
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)6$RLOWDQNHU
)6$JDVWDQNHU
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)6$GDQJHURXVJRRGV
5LVNEDVHGDSSURYDOSURFHVVHV
+LJKOHYHO
DSSURYDOSURFHVV
6KLSV\VWHPV¶
DSSURYDOSURFHVV
+LJKOHYHO
DFFHSWDQFHFULWHULD
)XQFWLRQDO
DFFHSWDQFHFULWHULD
5HTXLUHPHQWVIRU
GRFXPHQWDWLRQ
5HTXLUHPHQWVIRU
TXDOLILFDWLRQ
OLQNWRH[LVWLQJ,02FRQYHQWLRQV 3UHYLHZ
$QDO\VLVRIJHQHULFGHVLJQ
KD]DUGLGHQWLILFDWLRQ
ULVNDQDO\VLV
V\VWHPUHTXLUHPHQWV
$SSURYDOLQSULQFLSOH
&RQVWUXFWLRQ	WULDOV
$QDO\VLVRIVSHFLILFGHVLJQ
KD]DUGLGHQWLILFDWLRQ
ULVNDQDO\VLV
V\VWHPUHTXLUHPHQWV
$SSURYDO
2SHUDWLRQ
WUDGLWLRQDODSSURYDO
WUDGLWLRQDODSSURYDO
)LJ(OHPHQWVRIDULVNEDVHGUHJXODWRU\IUDPHZRUN )LJ$SSURYDOSURFHVVIRUULVN
EDVHGGHVLJQVVFKHPDWLF

+LJKOHYHO ULVN HYDOXDWLRQ FULWHULD IRU XVH ZLWKLQ ULVNEDVHG GHVLJQ DQG DSSURYDOZHUH SUHVHQWHG E\
6NMRQJ HW DO  7KHVH FULWHULD LQFOXGH LQGLYLGXDO DQG VRFLHWDO ULVN DFFHSWDQFH FULWHULD D FRVW
HIIHFWLYHQHVVHYDOXDWLRQFULWHULRQUHODWHGWROLIHVDYLQJDQGDSSURSULDWHEDFNJURXQGLQIRUPDWLRQWRXSGDWH
WKHFULWHULD,QDGGLWLRQDQHZFRVWHIIHFWLYHQHVVHYDOXDWLRQFULWHULRQUHODWHGWRHQYLURQPHQWDOSURWHFWLRQ
ZDVGHYHORSHG&RVWRI$YHUWLQJD7RQRIRLO6SLOW&$767KLVQHZFULWHULRQVKRXOGSULPDULO\EHXVHG
WRDVVHVVGHVLJQFKDQJHVRIRLOWDQNHUVZLWKUHVSHFWWRWKHLUFRVWHIIHFWLYHQHVV±XQGHUWKHDVVXPSWLRQWKDW
ULVNDVVRFLDWHGZLWKRLO WUDQVSRUWE\ WDQNHUV LV LQVLGHDQ$/$53DUHD$OWHUQDWLYHO\RQHFRXOGXVH WKH
FULWHULRQ WR HQKDQFH WKH FRVWHIIHFWLYHQHVV HYDOXDWLRQ UHODWHG WR OLIH VDYLQJ E\ VXEWUDFWLQJ H[SHFWHG
GLIIHUHQFHLQRLORXWIORZWLPHV&$76IURPWKHGLIIHUHQFHVLQFRVWVIRUDGHVLJQRSWLRQ7KLVDSSURDFK±
WHUPHG'PRGHOZDVSUHVHQWHGE\6NMRQJ:LWKWKHSXEOLFDWLRQRI&$76DW,021HWKHUODQGV
 DGHEDWH VWDUWHGZLWK*UHHFH  OHDGLQJ WKHGLVFXVVLRQ IRFXVLQJRQ WKH IRUPXODWLRQDQG WKH
YDOXH RI &$76 7KH EDVLF LGHD RI &$76 ZDV WKHQ DJUHHG ,02  $W WKH ODVW PHHWLQJ RI WKH
0DULWLPH (QYLURQPHQWDO 3URWHFWLRQ &RPPLWWHH 0(3&  LQ -XO\  WKH ZRUN RQ &$76 ZDV
FRPSOHWHGDQGDVSLOOVL]HGHSHQGHQWIRUPXODWLRQZDVDJUHHG

5LVN HYDOXDWLRQ FULWHULD DW VKLS V\VWHP DQG IXQFWLRQ OHYHO DUH SUHVHQWO\ QRW SXEOLFO\ DYDLODEOH $Q
XQSXEOLVKHGUHSRUWIURP6$)('25OLVWVVXFKFULWHULDDQGSURSRVHVDJHQHUDOSURFHGXUHWRGHULYHORZHU
OHYHO ULVN HYDOXDWLRQ FULWHULD 6NMRQJ HW DO  7KLV SURFHGXUH EXLOGV XSRQ D ULVN PRGHO IRU WKH
FRQVLGHUHGV\VWHPRUIXQFWLRQDQGXVHVKLJKOHYHOFRVWHIIHFWLYHQHVVFULWHULDWRGHULYHWDUJHWUHOLDELOLWLHV
DYDLODELOLWLHVRUIDLOXUHSUREDELOLWLHV7KHSURFHGXUHZDVVXFFHVVIXOO\DSSOLHGWRKXOOJLUGHUVLQLQWDFWDQG
GDPDJHGFRQGLWLRQ,$&6+¡UWHHWDODQGDIXHORLOV\VWHP5GHDQG+DPDQQ

7KH)6$VWXGLHVZHUHSHUIRUPHGWRGHOLYHUKLJKOHYHOULVNPRGHOVLGHQWLI\ULVNFRQWURORSWLRQVDQGWR
GRFXPHQWWKHFXUUHQWOHYHORIULVNSHUVKLSW\SHDQGIROORZHGWKH)6$JXLGHOLQHV,02DQG,02
$W WKHPRPHQW RI ZULWLQJ ILYH )6$ VWXGLHV KDYH EHHQ VXEPLWWHG WR ,02 DGGUHVVLQJ FRQWDLQHU
YHVVHOV 'HQPDUNE/1* WDQNHUV 'HQPDUNDRLO WDQNHUV 'HQPDUND FUXLVHYHVVHOV
'HQPDUNE5R3D[ IHUULHV 'HQPDUNFDQGGDQJHURXVJRRGVRQRSHQWRSFRQWDLQHUYHVVHOV
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'HQPDUN7KH VXEPLWWHG)6$ VWXGLHV VKRZ WKDW DOO WKH VRFLHWDO ULVNSURILOHV RI FRQVLGHUHG VKLS
W\SHVDUH LQ WKH$/$53DUHDDQG WKHUHIRUHFRVWHIIHFWLYHULVNFRQWURORSWLRQVVKRXOGEH LPSOHPHQWHG
7KH )6$ VWXGLHV IRU WKH RLO WDQNHU WKH FUXLVH DQG 5R3D[ YHVVHOV OLVW D QXPEHU RI VXFK PHDVXUHV IRU
FRQVLGHUDWLRQE\UXOHPDNHUV

'HVLJQHU¶VWRROER[±QHZWHFKQRORJ\IURP6$)('25
5LVNEDVHGGHVLJQLVDQH[WHQVLRQRIWKHWUDGLWLRQDOGHVLJQSURFHVVLQWKDW LW LQWHJUDWHVDVVHVVPHQWRI
WKH VDIHW\ SHUIRUPDQFH LQWR WKH GHVLJQ SURFHVV 3UHYHQWLRQ DQG  RU UHGXFWLRQ RI ULVN WR OLIH WKH
HQYLURQPHQWDQGSURSHUW\DUHHPEHGGHGDVDGHVLJQREMHFWLYHDORQJVLGHFRQYHQWLRQDOGHVLJQREMHFWLYHV
VXFK DV VSHHG FDSDFLW\ HWF 6$)('25 GHYHORSHG WKLV GHVLJQ IUDPHZRUN RIIHULQJ DQ HQKDQFHG
GHFLVLRQPDNLQJ WR EDODQFH WUDGLWLRQDO REMHFWLYHV ± SHUIRUPDQFH DQG FRVW ± ZLWK WKH QHZ REMHFWLYH ±
PLQLPL]HULVN9DVVDORV$QRYHUYLHZRIWKHHOHPHQWVRIWKHULVNEDVHGGHVLJQIUDPHZRUNDQGWKH
SULQFLSDO OLQNDJH EHWZHHQ VDIHW\ SHUIRUPDQFH SUHGLFWLRQV WRROV DGGUHVVLQJ PDLQ DFFLGHQW FDWHJRULHV LV
SUHVHQWHGLQ)LJXUH7KHLQWHJUDWHGGHVLJQHQYLURQPHQWHYHQWXDOO\IDFLOLWDWHVH[SORULQJWKHEHQHILWVRI
ULVNEDVHG VKLS GHVLJQ ZLWK WRROV OLQNHG WRJHWKHU DQG V\VWHPDWLF XVH RI RSWLPL]DWLRQ FDSDELOLW\ 5LVN
EDVHG GHVLJQ FRXSOHV WUDGLWLRQDO GHVLJQ ZLWK ULVN DVVHVVPHQW VHH )LJXUH  DQG IRU HDFK VWHS LQ WKH
FRQYHQWLRQDOSURFHVVWKHUHLVDFRUUHVSRQGLQJVWHSLQWKHULVNDVVHVVPHQWGHILQLWLRQRIVDIHW\REMHFWLYHV
LGHQWLILFDWLRQ RI KD]DUGV DQG VDIHW\FULWLFDO IXQFWLRQV GHWHUPLQDWLRQ RI WKH VDIHW\ SHUIRUPDQFH LH
FDOFXODWLQJ ULVN HYDOXDWLRQ RI ULVN FRQWURO RSWLRQV DQG HVWLPDWLQJ WKH FRVWV DQG EHQHILWV IRU WKH ILQDO
GHFLVLRQPDNLQJ

6LPLODUWRSHUIRUPDQFHDVVHVVPHQWLQFRQYHQWLRQDOGHVLJQ WRROVDUHUHTXLUHGWRDVVHVVWKHULVNOHYHO
7KHVHWRROVFDQEHH[SHUW MXGJPHQWVGDWDEDVHVVLPSOLILHGIRUPXODHRUDGYDQFHGWLPHDQGSUREDELOLVWLF
VLPXODWLRQV 7KH DSSOLFDELOLW\ LV GHWHUPLQHG E\ WKH VWDJH LQ WKH GHVLJQ SURFHVV DQG WKH DVVRFLDWHG
DYDLODELOLW\RIGDWD ,QHDUO\GHVLJQ WRROV IRU ULVNDQDO\VLV DUH OLNHO\ VLPSOHUDQG UHTXLUH OHVVGDWD WKDQ
WRROV XVHG ZLWKLQ WKH EDVLF RU GHWDLOHG GHVLJQ SKDVHV:LWK HYHU\ DGGLWLRQDO WRRO DQG UHILQHPHQW WKH
XQFHUWDLQW\RIWKHDQDO\VLVLVUHGXFHG$ULVNPRGHOLVWKHFHQWUDOHOHPHQWIRUWKHDQDO\VLVDQGHYHQWWUHHV
IDXOW WUHHV %D\HVLDQ QHWZRUNV RU DQDO\WLFDO PRGHOV DUH FXUUHQWO\ XVHG 7KH PDLQ LVVXH IRU WKH VKLS
GHVLJQHULVGLUHFWFRQWURORYHUWKHHIIHFWRIFKDQJLQJNH\GHVLJQSDUDPHWHUVLHWKHULVNPRGHOPXVWEH
VXIILFLHQWO\GHWDLOHGLQWKLVUHVSHFW

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5LVNEDVHGGHVLJQIUDPHZRUN
'HVLJQHQYLURQPHQW
)ORRGLQJ	
FDSVL]H
6WUXFWXUDO
IDLOXUH
6WDELOLW\
&ROOLVLRQ	
*URXQGLQJ
)LUH	
H[SORVLRQ
+XPDQHUURU
OLQNWRH[LVWLQJGHVLJQ
&RVWPRGHOV
6\VWHPV¶ IDLOXUH
3HUIRUPDQFH
UHTXLUHPHQWV
6DIHW\
REMHFWLYHV
'HVLJQ
FRQVWUDLQWV
,GHQWLILHG
KD]DUGV
6KLSIXQFWLRQV &ULWLFDOIXQFWLRQV
6KLS
SHUIRUPDQFH
6DIHW\
SHUIRUPDQFH
6KLS
VSHFLILFDWLRQ
5LVN
FRQWURORSWLRQV
6KLSFRVW &RVWEHQHILWDQDO\VLV
FKDQJHRU
LPSOHPHQW
)LJ(OHPHQWVRIDULVNEDVHGGHVLJQIUDPHZRUN )LJ5LVNEDVHGGHVLJQSURFHVV

:LWKLQ6$)('25VHYHUDOHQJLQHHULQJWRROVWRSUHGLFWWKHVDIHW\SHUIRUPDQFHRIDYHVVHOLQH[WUHPH
DQG DFFLGHQWDO FRQGLWLRQV ZHUH QHZO\ GHYHORSHG RU UHILQHG 7KHVH WRROV DGGUHVV WKH PDLQ DFFLGHQW
FDWHJRULHVDVVKRZQLQ)LJXUH7KHIROORZLQJGHYHORSPHQWVZHUHSHUIRUPHGGXULQJWKHSURMHFW

x $%D\HVLDQQHWZRUNZDVH[WHQGHGWRHYDOXDWHFKDQJHVLQWKHFDXVDWLRQIDFWRUGULYLQJIURPHQKDQFHG
WUDLQLQJDQGDGYDQFHGEULGJHHTXLSPHQWIRUFROOLVLRQDQGJURXQGLQJ/HYDHWDO
x $QHZ%D\HVLDQQHWZRUNZDVHVWDEOLVKHGWRSUHGLFWWKHSUREDELOLW\RISURSXOVLRQDQGPDQHXYHULQJ
V\VWHPV¶IDLOXUH+RZHYHUODFNRIVXIILFLHQWO\YDOLGDWHGGDWDRQFRPSRQHQWVOLPLWHGYDOLGDWLRQ
x $QHZWHFKQLTXHWRFUHDWHIDXOWWUHHVDQG)0($WDEOHVIURPV\VWHPGHVFULSWLRQVLQVLGHDVWDQGDUG
V\VWHPVLPXODWLRQSDFNDJH,7,ZDVGHYHORSHGE\:DONHUDQG3DSDGRSRXORV
(QKDQFHPHQWVLQFOXGHHQWHULQJDQQRWDWLRQVWRV\VWHPVDQGFRPSRQHQWVUHODWHGWRIDLOXUHPRGHV


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x $QHZDSSURDFKWRDVVHVVILUHLQFDUJRKROGVZDVDSSOLHGE\3RYHODWDOE\LQWURGXFLQJD
%D\HVLDQQHWZRUNWRHYDOXDWHSUREDELOLWLHVDQGFRQVHTXHQFHVRIFRQWDLQHUILUHV
x $PHWKRGRORJ\WRDVVHVVILUHVDIHW\IRUSDVVHQJHUVKLSVZDVGHYHORSHGE\*XDULQHWDOZKLFK
RIIHUVDSUREDELOLVWLFDSSURDFKWRILUHVDIHW\VLPLODUWRWKHSUREDELOLVWLFDSSURDFKWRGDPDJHVWDELOLW\
x $VWUXFWXUDOUHOLDELOLW\DQDO\VLVRIDGDPDJHGVKLSVWUXFWXUHVKRZHGWKDWWKHGDPDJHGFRQGLWLRQ±
IROORZLQJDFROOLVLRQ±LVQRWDGLPHQVLRQLQJFDVHIRUWKHKXOOJLUGHURIDWDQNHU+¡UWHHWDO
x 7KHSUREDELOLW\IRULQWDFWFDSVL]HZDVSUHGLFWHGZLWKWZRQHZO\GHYHORSHGDOJRULWKPV-HQVHQ
DQG6S\URXHWDO
x $QHZPHWKRGZDVGHYHORSHGWRSUHGLFWWKHSUREDELOLW\GHQVLW\IXQFWLRQIRUWLPHWRFDSVL]HIRU5R3D[
IHUULHV-DVLRQRZVNLDQG9DVVDORV7KHQHZPHWKRGLVH[WUHPHO\IDVW±ZKLFKDOORZVLQWHJUDWLRQ
LQWRDGHVLJQHQYLURQPHQWDQGLVVWLOOFRQVLGHUHGWREHVXIILFLHQWO\DFFXUDWH
6KLSVDQGWKHLUV\VWHPV±LPSOHPHQWLQJQHZNQRZOHGJH
(LJKWGHVLJQWHDPVVWDUWHGGHYHORSLQJLQQRYDWLYHVKLSFRQFHSWVZKHQ6$)('25EHJDQ7KHLQWHQWLRQ
ZDVWRIRFXVRQGHVLJQLQQRYDWLRQVWKDWIRUIRUPDOUHDVRQVFDQQRWEHDSSURYHGXQGHUWKHFXUUHQWUXOHVRU
UHJXODWLRQVEXWDUHH[SHFWHGWREHDVOHDVWDVVDIHDVWRGD\¶VVROXWLRQV&RQFHSWVDGGUHVVHGWHFKQRORJLFDO
HFRQRPLFDO DQG VDIHW\ DVSHFWV IRU WZR FUXLVH YHVVHOV D IDVW IXOO GLVSODFHPHQW 5R3D[ IHUU\ D K\EULG
5R5R5R3D[YHVVHODOLJKWZHLJKWFRPSRVLWHVDQGZLFKVXSHUVWUXFWXUHIRUD5R3D[IHUU\DVKRUWVHD/1*
WDQNHU DQ RSHQWRS FRQWDLQHU YHVVHO DQG DQ RLO WDQNHU$Q RYHUYLHZRI WKH GHVLJQV LV SUHVHQWHG LQ WKH
$QQH[ WR WKLVSDSHU$IRUPDOVHOHFWLRQRI WKHEHVWGHVLJQVE\DSDQHO UHVXOWHG LQ WZRZLQQLQJGHVLJQV
ZKLFKZHUHJLYHQDGGLWLRQDOUHVRXUFHVWRUHILQHWKHLUFRQFHSWVDQGSUHSDUHIRUSUHOLPLQDU\DSSURYDO

7KHZLQQLQJGHVLJQZDVWKHOLJKWZHLJKWFRPSRVLWHVDQGZLFKVXSHUVWUXFWXUHIRUD5R3D[IHUU\ZKLFK
H[HPSOLILHVWKHXVHRIULVNEDVHGDSSURDFKHVWRGHPRQVWUDWHVDIHW\FRPSOLDQFH0F*HRUJHHWDO
7KHULVNPRGHOLQFRUSRUDWHGUHVXOWVIURPIXOOVFDOHILUHWHVWVDQGDGYDQFHGFRPSXWHUVLPXODWLRQVWRVKRZ
WKDWWKHULVNOHYHOIRUSDVVHQJHUVLVVPDOOHUWKDQIRUSDVVHQJHUVRQFRQYHQWLRQDOIHUULHVZKHQDSSURSULDWH
ULVNFRQWURORSWLRQVDUH LPSOHPHQWHG7KHVHFRQGZLQQLQJGHVLJQZDV WKHIDVW IXOOGLVSODFHPHQW5R3D[
IHUU\ZKLFKH[HPSOLILHVWKHRSWLPL]DWLRQSRWHQWLDOIRUULVNEDVHGGHVLJQDQGGHPRQVWUDWHGWKHSRWHQWLDORI
DQHZO\GHYHORSHGWRROWRSUHGLFWIORRGLQJ3|\OL|DQG-DVLRQRZVNL7KHULVNDVVHVVPHQWRIDQRYHO
VXEGLYLVLRQ FRQFHSW DOVR LQWURGXFHG EOLVWHUV LQIODWDEOH EXR\DQF\ XQLWV DERYH GHVLJQ ZDWHUOLQH DV
SRWHQWLDOSRZHUIXOULVNFRQWURORSWLRQV

:RUNZLWKLQ6$)('25DOVRDGGUHVVHGGHYHORSPHQWRILQQRYDWLYHV\VWHPVIRFXVLQJRQDUHDZLWKKLJK
LPSDFWRQVDIHW\VXFKDVDQLQQRYDWLYHEULGJHOD\RXWDQRYHOV\VWHPWRGLVWULEXWHHOHFWULFDOSRZHUDQG
VHYHUDOQHZFRQFHSWVIRUOLIHVDYLQJDSSOLDQFHV6WDWLVWLFVGRFXPHQWWKDWPDQ\LIQRWPRVWDFFLGHQWVDWVHD
DUHUHODWHGWRFROOLVLRQDQGJURXQGLQJ7KLVUHVXOWHGLQSURSRVDOVIRUDXWRPDWLFLGHQWLILFDWLRQV\VWHP$,6
DQG HOHFWURQLF FKDUW GLVSOD\ DQG LQIRUPDWLRQ V\VWHP (&',6 WKH ODWWHU VXSSRUWHG E\ DQ )6$ VWXG\
'HQPDUNDQG1RUZD\9DQHPHWDO7KHUHIRUH WKH LQWHUDFWLRQRI WKHFUHZZLWKDGYDQFHG
HTXLSPHQWVZDVWKHIRFDOSRLQWIRUWKHGHYHORSPHQWRIWKHQHZEULGJHOD\RXW6L[LWHPVZHUHVHTXHQWLDOO\
DGGUHVVHGDVIROORZVZRUNHQYLURQPHQWPDQPDFKLQHLQWHUIDFHPLVVLRQUHODWHGHTXLSPHQWZRUNVWDWLRQ
GHVLJQEULGJHRSHUDWLRQDQGEULGJHSURFHGXUHV

7KHQRYHOV\VWHPWRGLVWULEXWHHOHFWULFDOSRZHUSULPDU\SRZHUEXVZDVLQWHJUDWHGLQWRD5R3D[IHUU\
GHVLJQ DQG DQDO\]HG ZLWK UHVSHFW WR LWV VDIHW\ FRPSOLDQFH /KPDQQ  )ROORZLQJ HDUO\ V\VWHP
GHYHORSPHQWDFWLYLWLHVUHODWHGWRIXQFWLRQDOLW\UHFHQWGHYHORSPHQWVIRFXVHGRQKD]DUGLGHQWLILFDWLRQDQG
ULVNDQDO\VLVIRUWKHV\VWHPLQVWDOOHGRQERDUG7KHDQDO\VLVFRPSULVHVWKHSRVVLEOHIDLOXUHRIWKHV\VWHPLQ
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QRUPDO RSHUDWLRQ ± XVLQJ QHZO\ GHYHORSHG DXWRPDWLF IDXOW WUHH JHQHUDWRU WRRO  DV ZHOO DV V\VWHP
DYDLODELOLW\LQDFFLGHQWDOFRQGLWLRQV±DOVRDSSO\LQJDQHZSUHGLFWLRQWRROGHYHORSHGZLWKLQ6$)('25

7KHILQDOVWHSIROORZLQJDQDFFLGHQWPD\EHOLIHVDYLQJDQGUHVFXHLIWKHYHVVHOQHHGVWREHDEDQGRQHG
6$)('25GHYHORSHGWKUHHQRYHOOLIHVDYLQJDSSOLDQFHVHDFKIRFXVLQJRQDGLIIHUHQWVFHQDULRDQGUHODWHG
GLIIHUHQWVXUYLYDOUDQJHV7KHORQJUDQJHVROXWLRQIRFXVHGRQDQRYHOODXQFKLQJV\VWHPWRIDFLOLWDWHVDIH
HPEDUNDWLRQ7KHPHGLXPUDQJHVROXWLRQFRQVLGHUHGDQRYHORQERDUGVWRZDJHWRUHGXFHVSDFHDOORFDWLRQ
7KH VKRUWUDQJH VROXWLRQ DGGUHVVHG VDIH DFFHVV DQG VWRZDJH IRU D FRPSOHPHQWDU\ OLIH VDYLQJ V\VWHP±
VLPLODUWROLIHUDIWV'HWDLOVRIWKHVHQRYHOV\VWHPVZHUHQRWSXEOLVKHGIRUUHDVRQVRIFRPSHWLWLYHQHVV
4XDOLILHGHQJLQHHUV±WKHFRUHRI6$)('25¶VVXFFHVV
6$)('25VWDUWHGLWVDPELWLRXVSDWKZLWKDSDUWQHUVKLSFRPSULVLQJ(XURSHDQRUJDQL]DWLRQVZKLFK
UHSUHVHQWDOOVWDNHKROGHUVRIWKHPDULWLPHLQGXVWU\,QWRWDODERXWSHUVRQVZHUHLQYROYHGDWYDULRXV
VWDJHVRI6$)('25DQGWKXVWKHNQRZOHGJHZDVVSUHDGHIIHFWLYHO\,QGHHGWKLVZDVRQHRIWKHUHDVRQV
IRU WKH ODUJHSDUWQHUVKLSRI6$)('25$OWKRXJKPRVWSDUWQHUVZHUHEXLOGLQJRQDGHFDGHRI LQWHQVLYH
UHVHDUFKLQWRVKLSVDIHW\LWWXUQHGRXWWKDWVRPHVNLOOVZHUHQRWDYDLODEOHDVH[SHFWHGDQGPRUHWUDLQLQJ
ZDVQHHGHG

4XDOLILFDWLRQ UHTXLUHPHQWV IRU HQJLQHHUV LQYROYHG LQ ULVNEDVHG VKLS GHVLJQ DQG DSSURYDO ZDV
GLVWLQFWO\ DGGUHVVHGZLWKLQ 6$)('25'HSHQGLQJ RQ WKH SURFHVV VWHS DQG OHYHO RI LQYROYHPHQW IRXU
WDUJHWJURXSVZHUHLGHQWLILHGDVIROORZVGHVLJQHQJLQHHUVDSSURYDOHQJLQHHUVRSHUDWRUVDQGLQVSHFWRUV
7KHVWHSV LQ ULVNEDVHGGHVLJQDQGDSSURYDOZHUHDVVLJQHG UHTXLUHGTXDOLILFDWLRQ OHYHOV DQG WKHVHZHUH
FRPSDUHG ZLWK DYDLODEOH LQLWLDO TXDOLILFDWLRQV $ UHTXLUHG HQWU\ OHYHO TXDOLILFDWLRQ DQG GHVLUHG
TXDOLILFDWLRQ XSJUDGHV ZHUH LGHQWLILHG IRU DOO LQYROYHG VWDNHKROGHUV DV VWDULQJ SRLQW IRU D SHUVRQQHO
WUDLQLQJDFWLYLW\

$QXPEHURIPHDVXUHVZHUHSODQQHGIURPWKHEHJLQQLQJRI6$)('25WRHQKDQFHNQRZOHGJHRQULVN
EDVHG DSSURDFKHV ZLWKLQ WKH PDULWLPH LQGXVWU\ DQG WR DGG VWLPXOXV WRZDUGV GHYHORSLQJ D QHZ VDIHW\
FXOWXUH 6$)('25 DWWUDFWHG D ODUJH QXPEHU RI SHRSOH IRU WKH DQQXDO SXEOLF FRQIHUHQFHV ,Q DGGLWLRQ
DQQXDO SXEOLF UHSRUWV DQG SUHVHQWDWLRQVZHUH SURYLGHG WRJHWKHUZLWK IDFW VKHHWV IRUPDLQ VWDNHKROGHUV
7ZRWUDLQLQJFRXUVHVZHUHRIIHUHGZLWKRQHIRFXVLQJRQUHJXODWRUVDQGWKHVHFRQGRQ3K'VWXGHQWVDQG
\RXQJ SURIHVVLRQDOV IURP DOO WKH LQGXVWU\ 7R FRPSOHPHQW WKH PDWHULDO IRU VWXGHQWV DQG H[SHULHQFHG
HQJLQHHUV DOLNH D KDQGERRN RQ ULVNEDVHG VKLS GHVLJQ ZLWK PHWKRGV WRROV DQG DSSOLFDWLRQV KDV EHHQ
SXEOLVKHG3DSDQLNRODRX
287/22.
:LWK WKH UHJXODWRU\ IUDPHZRUN IRU VKLSSLQJ FKDQJLQJ WRZDUGV D PRUH JRDOEDVHG VW\OH DQG QHZ
UHJXODWLRQVDGGUHVVLQJ ILUHVDIHW\GDPDJHVWDELOLW\DQG  LQ WKHQHDU IXWXUH  OLIH VDYLQJDSSOLDQFHV WKH
GHVLJQVROXWLRQVSDFHDYDLODEOHWRWKHVKLSGHVLJQHULVH[SDQGHG$QGVKLSGHVLJQHUVKDYHQRZDYDLODEOH
LQFUHDVLQJO\ VRSKLVWLFDWHG PHWKRGV DQG WRROV VXSSRUWLQJ DGYDQFHG DQG ULVNEDVHG VKLS GHVLJQ DQG
LQFOXGLQJ VDIHW\ DV DGGLWLRQDO REMHFWLYH LQWR WKH GHVLJQ SURFHVV5LVN HYDOXDWLRQ FULWHULD DUH HYHQWXDOO\
EHFRPLQJH[SOLFLWDQGDFFHSWHGDOVRDWPDULWLPHDGPLQLVWUDWLRQVDQGHQDEOHDKROLVWLFGHFLVLRQPDNLQJ
7DNHQWRJHWKHUDOOQHFHVVDU\HOHPHQWVDQGWKHIUDPHDUHQRZDYDLODEOHWRSURGXFHLQQRYDWLYHVKLSVZLWK
HQKDQFHGHFRQRPLFVDQGLQFUHDVHGVDIHW\

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$OWKRXJK WKH IXUWKHU GHYHORSPHQW RI WKH*RDOEDVHG 6WDQGDUGV *%6 DW ,02 XVLQJ WKH ULVNEDVHG
6DIHW\OHYHO$SSURDFK6/$LVQRWSURJUHVVLQJIDVWDFOHDUWUHQGLVVHHQWRZDUGVXVLQJULVNDQDO\VLVLQ
GHVLJQDSSURYDODQGUXOHPDNLQJ,QWKLVUHVSHFWWKHUHYLHZRIWKH)6$VWXGLHVFRQGXFWHGE\6$)('25
DW,02LVVHHQDVDODUJHVWHSWRZDUGVGRFXPHQWLQJULVNOHYHOVIRUVKLSSLQJDW,02,QSDUDOOHOLQGXVWU\
KDVVWDUWHGXVLQJWKHULVNEDVHGDSSURDFKGHYHORSHGLQ6$)('25LQDQXPEHURIQHZFRPPHUFLDODQG
UHVHDUFK SURMHFWV DGGUHVVLQJ IRU H[DPSOH WKH ZLGHU XVH RI OLJKWZHLJKW PDWHULDOV $QG WKH (XURSHDQ
PDULWLPH LQGXVWU\ KDV LGHQWLILHG WKH LPSOHPHQWDWLRQ RI ULVNEDVHG IUDPHZRUNV DV NH\ SULRULW\ WRZDUGV
:$7(5%251(

5LVNEDVHGVKLSVDUHVDLOLQJWRGD\DQGWKHLURSHUDWLRQDODVSHFWVDUHDOLJQHGZLWKWKHFXUUHQWUHJXODWRU\
IUDPHZRUN WUHDWLQJ ULVNEDVHG HOHPHQWV DV HTXLYDOHQWV 'HWDLOV DQG UHDVRQV IRU WKH DFFHSWDQFH RI WKH
HTXLYDOHQW DUH WREH FRPPXQLFDWHG WR ,02DQG FLUFXODWHG WR ,020HPEHU6WDWHV:LWK WKH DGYHQW RI
PRUH GHVLJQ DVSHFWV RI D VKLS EHFRPLQJ ULVNEDVHG WKHUH LV D FOHDU QHHG WR HQVXUH FRPSOHWH
GRFXPHQWDWLRQRIDOO ULVNEDVHGHOHPHQWVRID VKLS WRJHWKHUZLWK WKHSURFHVVDQGFULWHULDRIDFFHSWDQFH
VKRXOG EH FDUULHG RQERDUG 6WUDQJ DQG 6DPHV  ,Q DGGLWLRQ D SURSHU VXPPDU\ DGGUHVVLQJ WKH
FRQFHUQVRIVXUYH\RUVDQGSRUWVWDWHFRQWURORIILFHUVVKRXOGEHGUDIWHG
5HIHUHQFHV
%$,1%5,'*(-&+5,67(16(1++(16(/:6$0(63&6.-21*562%5,1203675$1*7DQG9$66$/26
'³'HVLJQ2SHUDWLRQ5HJXODWLRQIRU6DIHW\±6$)('25´3URFRIWK,QW6\PSRVLXPRQ3UDFWLFDO'HVLJQRI6KLSV
DQGRWKHU)ORDWLQJ6WUXFWXUHV35$'67UDYHPQGH*HUPDQ\
%5(,1+2/7&+(16(/:3(5(='(/8&$6$6$0(63&6.-21*5675$1*7DQG9$66$/26'D
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,QWHUQDWLRQDO5HJXODWLRQV/RQGRQ8QLWHG.LQJGRP
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E³)LUVW
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&+5,67(16(1++(16(/:3(5(='(/8&$6$6$0(63&6.-21*5675$1*7DQG9$66$/26'
³6$)('25ULVNEDVHGVKLSGHVLJQRSHUDWLRQDQGUHJXODWLRQ´3URFRI,0$0FRQIHUHQFHRQPDULWLPHWUDQVSRUWDWLRQDQG
H[SORLWDWLRQRIRFHDQDQGFRDVWDOUHVRXUFHV/LVERQ3RUWXJDO
'(10$5.D³)6$/LTXHILHG1DWXUDO*DV/1*FDUULHUV´06&DQG06&,1)
'(10$5.E³)6$±&RQWDLQHUYHVVHOV´06&DQG06&,1)
'(10$5.D³)6$±&UXGHRLOWDQNHUV´0(3&DQG0(3&,1)
'(10$5.E³)6$±&UXLVHVKLSV´06&DQG06&,1)
'(10$5.F³)6$±5R3D[VKLSV´06&DQG06&,1)
'(10$5.³)6$'DQJHURXV*RRGV7UDQVSRUWZLWK2SHQ7RSFRQWDLQHUYHVVHOV´06&DQG06&,1)
'(10$5.$1'125:$<³)6$6WXG\RQ(&',6(1&V´06&
*5((&(³(QYLURQPHQWDOULVNHYDOXDWLRQFULWHULD´0(3&
*8$5,1/0$-80'(5-38,6$5-$6,212:6.,$DQG9$66$/26'³'HVLJQIRU)LUH6DIHW\´3URFRIUG
,QWHUQDWLRQDO&RQIHUHQFHRQµ'HVLJQIRU6DIHW\¶6DQ)UDQFLVFR86$
+57(76.-21*5)5,,6+$16(137(,;(,5$$3DQG9,(-2'()5$1&,6&2)³3UREDELOLVWLF0HWKRGV
$SSOLHG7R6WUXFWXUDO'HVLJQ$QG5XOH'HYHORSPHQW³3URFRI5,1$FRQIHUHQFHRQ'HYHORSPHQWVLQ&ODVVLILFDWLRQDQG
,QWHUQDWLRQDO5HJXODWLRQV/RQGRQ8QLWHG.LQJGRP
,$&6³*RDOEDVHGQHZVKLSFRQVWUXFWLRQVWDQGDUGVOLQNDJHEHWZHHQ)6$DQG*%6´06&,1)
,02³*XLGHOLQHVRQDOWHUQDWLYHGHVLJQVDQGDUUDQJHPHQWVIRUILUHVDIHW\´06&&LUF
,02³*XLGHOLQHVIRU)RUPDO6DIHW\$VVHVVPHQW)6$IRUXVHLQWKH,02UXOHPDNLQJSURFHVV´06&&LUF
,02³*XLGHOLQHRQ$OWHUQDWLYH'HVLJQVDQG$UUDQJHPHQWVIRU62/$6FKDSWHU,,DQG,,,´06&&LUF
,02³)RUPDO6DIHW\$VVHVVPHQW&RQVROLGDWHGWH[WRIWKH*XLGHOLQHVIRU)RUPDO6DIHW\$VVHVVPHQW)6$IRUXVHLQWKH
,02UXOHPDNLQJSURFHVV06&&LUFí0(3&&LUF´06&,1)
,02³'UDIWUHSRUWRIWKH0(3&RQLWVWKVHVVLRQ´0(3&:3VHFWLRQ
,7,³6LPXODWLRQ;³,7,*PE+'UHVGHQKWWSZZZLWLGH
762   Christian Breinholt et al. /  Procedia - Social and Behavioral Sciences  48 ( 2012 )  753 – 764 
-$6,212:6.,$DQG9$66$/26'³&RQFHSWXDOLVLQJ5LVN´3URFRIWK,QWHUQDWLRQDO&RQIHUHQFHRQ6WDELOLW\RI
6KLSVDQG2FHDQ9HKLFOHV5LRGH-DQHLUR%UD]LO
-(16(1--³(IILFLHQW(VWLPDWLRQRI([WUHPH1RQOLQHDU5ROO0RWLRQVXVLQJWKH)LUVWRUGHU5HOLDELOLW\0HWKRG)250´
-0DULQH6FLHQFHDQG7HFKQRORJ\9RO1RSS
/(9$0&)5,,6+$16(136211(5$91(DQG/(36($³6$)('25$SUDFWLFDODSSURDFKWRPRGHOWKH
DFWLRQRIDQ2IILFHURIWKH:DWFKLQFROOLVLRQVFHQDULRV³3URFHHGLQJVRI(65(//LVERQ3RUWXJDO
/h+0$11%³5LVNEDVHGGHVLJQ±DFDVHVWXG\RQDSULPDU\SRZHUEXV³3URFRI6$)('250LGWHUP&RQIHUHQFH
%UXVVHOV%HOJLXP
0&*(25*('+<1,1*%DQG125'+$00$5+³5LVNEDVHGGHVLJQ±DFDVHVWXG\RQFRPSRVLWH
VXSHUVWUXFWXUHV³3URFRI6$)('250LGWHUP&RQIHUHQFH%UXVVHOV%HOJLXP
1(7+(5/$1'6³)6$5HSRUWRIWKH&RUUHVSRQGHQFH*URXS´06&
3$3$1,.2/$28$³6$)('251HZVOHWWHUQR´ZZZVDIHGRURUJUHVRXUFHVLQGH[KWP
3$3$1,.2/$28$³5LVNEDVHGVKLSGHVLJQ±PHWKRGVWRROVDQGDSSOLFDWLRQV´(GLWRU3DSDQLNRODRX,6%1
6SULQJHU%HUOLQ*HUPDQ\
329(/'/$1*%(&.(58'$86(1'6&+g1.6,1$,<2:(160*(+/6)2560$1%(//,6-DQG
5,('(/.³5LVNDVVHVVPHQWIRUFRQWDLQHUVKLSVIRFXVLQJRQFDUJRILUH´3URFRI5,1$FRQIHUHQFHRQ'HVLJQDQG
2SHUDWLRQRI&RQWDLQHUYHVVHOV/RQGRQ8QLWHG.LQJGRP
3g</,g(DQG-$6,212:6.,$³5LVNEDVHGGHVLJQ±DFDVHVWXG\RQDIDVWIXOOGLVSODFHPHQWIHUU\´3URFRI
6$)('250LGWHUP&RQIHUHQFH%UXVVHOV%HOJLXP
5h'((DQG5+$0$11³'HULYDWLRQRIVKLSV\VWHPVVDIHW\FULWHULDE\PHDQVRIDULVNEDVHGVKLSV\VWHPVDIHW\
DQDO\VLV´20$(3URFRIWK,QWHUQDWLRQDO&RQIHUHQFHRQ2IIVKRUH0HFKDQLFVDQG$UFWLF(QJLQHHULQJ20$(
(VWRULO3RUWXJDO
6$)('25³'HVLJQ2SHUDWLRQDQG5HJXODWLRQIRU6DIHW\´,QWHJUDWHG3URMHFWFRQWUDFW7,3&7
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6KLSVDQGRWKHU)ORDWLQJ6WUXFWXUHV35$'6+RXVWRQ7H[DV86$
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6.-21*5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9$66$/26'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$SSHQGL[$
6$)('25 DVVHPEOHG GHVLJQ WHDPV FRPSULVHG RI VKLS RZQHUV VKLS \DUGV PDULQH HTXLSPHQW
VXSSOLHUVGHVLJQRIILFHVDQGFODVVLILFDWLRQVRFLHWLHVWRGHYHORSLQQRYDWLYHVKLSGHVLJQV)RUHDFKRIWKH
HLJKWIROORZLQJGHVLJQVDGHVLJQVWXG\DQHFRQRPLFLPSDFWVWXG\DQGDVDIHW\	HQYLURQPHQWDOLPSDFW
VWXG\ZHUHHODERUDWHGVHH3DSDQLNRODRX
$&UXLVHYHVVHO±SRVWSDQDPD[VL]H
7KH GHVLJQ VWXG\ DLPHG DW RSWLPL]LQJ D SRVWSDQDPD[ FUXLVH YHVVHO ,QQRYDWLYH DVSHFWV LQFOXGHG
UHFRQVLGHUDWLRQ RI WKH SUHVFULSWLYH OLPLWV IRU ILUH ORDG DQGPDWHULDO FHUWLILFDWLRQ LQ SXEOLF VSDFHV W\SH
DUUDQJHPHQW SRVLWLRQ DQG FRQILJXUDWLRQ RI LQQRYDWLYH /6$ XVH RI VWDLUZD\ HQFORVXUHV DV DVVHPEO\
VWDWLRQV 6DIH $UHD SODWIRUP RSWLPLVDWLRQ EDVHG XSRQ WKH QHZ SUREDELOLVWLF GDPDJH UHTXLUHPHQWV
LQFOXGLQJ DOVR D FRPSDULVRQ EHWZHHQ WKH ,02 :HDWKHU &ULWHULRQ VWDQGDUG PHWKRGRORJ\ DQG WKH
DOWHUQDWLYHDVVHVVPHQWDQGLPSURYHGQDYLJDWLRQEULGJHHTXLSPHQWWRSUHYHQWFROOLVLRQV
$&UXLVH/LQHU
7KH IRFXVZDV WRGHVLJQDFUXLVH OLQHUZKLFKZLOOEH VDIHU WKDQH[LVWLQJRQHV LQ WHUPVRISDVVHQJHU
VDIHW\ DQG ZKLFK VKDOO EH GHVLJQHG ZLWK UHGXFHG LQFLGHQWDO GDPDJHV WR WKH HQYLURQPHQW LQ FDVH RI
JURXQGLQJDQGFROOLVLRQ$QGDWWKHVDPHWLPHWRGHVLJQDYHVVHOPRUHDWWUDFWLYHWRWKHFUXLVHLQGXVWU\
,QQRYDWLYH DVSHFWV LQFOXGHG QRYHO OD\RXW ZLWK YHU\ ODUJH ILUHFXUWDLQV ILUH ]RQHV DQG ZDWHUWLJKW
FRPSDUWPHQWVEDOFRQLHVLQDOOSDVVHQJHUFDELQVDQXSSHUVWUXFWXUHZRUNLQJDVDOLIHEHOWLQFDVHRIYHU\
ODUJH GDPDJHV WUDQVYHUVDO DQG ORQJLWXGLQDO FURVV IORRGLQJ WKURXJK YDOYH RSHUDWH WUXQNV DQG QRYHO
PDFKLQHU\ORFDWLRQV
$)DVWIXOOGLVSODFHPHQW5R3D[IHUU\
$QH[LVWLQJIDVWIXOOGLVSODFHPHQWIHUU\GHVLJQZDVRSWLPLVHGWRLQFUHDVHWKHFDUJRFDSDFLW\ZLWKWKH
ORZHU KROG $ QRYHO ZDWHUWLJKW FRPSDUWPHQW DUUDQJHPHQW LQ RUGHU WR SURWHFW YLWDO VKLS V\VWHPV ZDV
GHYHORSHG DQG LQIODWDEOH UHVHUYH EXR\DQF\ZDV FRQVLGHUHG RQ WKH KXOO IRU HQKDQFHG VXUYLYDELOLW\ 7KH
UHVXOWDQW GHVLJQ VKRZHG LPSURYHG HDUQLQJV ORZHU HPLVVLRQV  LQFUHDVH LQ V\VWHP¶V DYDLODELOLW\ LQ
FROOLVLRQDQGIORRGLQJLQPDFKLQHU\DUHDDQGDGUDPDWLFULVNUHGXFWLRQLQFROOLVLRQDQGIORRGLQJVFHQDULRV
ZKHQWKHLQIODWDEOHUHVHUYHEXR\DQF\ZDVWDNHQLQWRDFFRXQW
$7KHWKSDVVHQJHU5R5R5R3D[IHUU\
7KHIRFXVZDVWRGHVLJQD5R3D[IHUU\IRUDERXWSDVVHQJHUVXVLQJULVNEDVHGSULQFLSOHVDQGQRW
62/$6 UHTXLUHPHQWV ZKLFK ZLOO EH DV VDIH DV D GHVLJQ XVLQJ 62/$6 EXW PRUH FRVW HIILFLHQW 7KH
DGGLWLRQDOVSHFLILFLQWHQWLRQZDVWRLGHQWLI\LQTXDOLWDWLYHWHUPVWKHVDIHW\OHYHORISUHVHQWYHVVHOVZLWK
SDVVHQJHUV7KHUHIRUHDGHVLJQFRQFHSWZDVGHYHORSHGIRUD5R3$;YHVVHOFDUU\LQJPRUHWKDQWZHOYH
EXWQRWPRUHWKDQILIW\SDVVHQJHUVEDVHGRQDQH[LVWLQJPRGHUQ5R5RVKLS
$/LJKWZHLJKWFRPSRVLWHVDQGZLFKVXSHUVWUXFWXUHIRUD5R3D[IHUU\
7KHIRFXVZDVWRGHYHORSDQHFRQRPLFOLJKWZHLJKWFRPSRVLWHVDQGZLFKGHVLJQIRUDVXSHUVWUXFWXUHRQ
DSDVVHQJHUVKLS WKURXJKGHYHORSLQJD ILUH ULVNPRGHODQG WRSURYLGHDTXDQWLWDWLYHPHDVXUHRI WKHILUH
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ULVNVDVVRFLDWHGZLWK WKHQHZGHVLJQFRQFHSWDQG WKHHFRQRPLFEHQHILWVH[SHFWHGIURPXVLQJ LW'HVLJQ
DQGDQDO\VLVZRUNLQFOXGHGDQDO\VLVRI62/$6VDIHW\REMHFWLYHVDQGIXQFWLRQDOUHTXLUHPHQWVDVZHOODV
LGHQWLILFDWLRQ RI FKDOOHQJHG UXOHV LGHQWLILFDWLRQ RI KD]DUGV DQG FULWLFDO ILUH VFHQDULRV DV ZHOO DV
GHYHORSPHQWRIILUHULVNPRGHOGHYHORSPHQWRIVWUXFWXUDOPRGHODQGHYDOXDWLRQRIULVNFRQWURORSWLRQV
$6KRUWVHD/1*WDQNHU
7KHIRFXVZDV WRGHYHORSDVKRUWVHD/1*YHVVHOZKLFKFDQGLVWULEXWHJDV WR VPDOOVFDOHFXVWRPHUV
XVLQJ WKH SULQFLSLD RI VDIHW\ HTXLYDOHQF\ HVWDEOLVKHG LQ WKH &1* UXOHV $Q HTXLYDOHQW GRXEOH ERWWRP
VROXWLRQ ZDV H[SORUHG WR LGHQWLI\ ZKHWKHU LW RIIHUV WKH VDPH SURWHFWLRQ WR WKH FDUJR WDQN DJDLQVW
LQGHQWDWLRQV DQG WKH VDPH HQHUJ\ DEVRUSWLRQ FDSDELOLWLHV DV FRQYHQWLRQDO GRXEOH ERWWRP GHVLJQ ,Q
DGGLWLRQ WKH LPSOHPHQWDWLRQRIQHZ/1*HTXLSPHQWVVXFKDVSRZHUFRQQHFWRUJDVFRPEXVWLRQXQLWV
PHGLXPSUHVVXUHSQHXPDWLFFDUJRYDOYHDFWXDWRUVDQGDUJRQDVLQHUWJDVZDVLQYHVWLJDWHG
$2SHQWRSFRQWDLQHUYHVVHO
2SHQWRSIHHGHUVKLSVDUHSRWHQWLDOO\UHJDUGHGDVDQHIIHFWLYHWUDQVSRUWPHDQVIRUVKRUWVHDVKLSSLQJ
VHUYLFHZKHUHFDUJRKDQGOLQJ WLPHVDUH WKHFUXFLDOGULYLQJ IRUFHV+RZHYHURSHQ WRSFRQWDLQHUYHVVHOV
IDFHDUHJXODWRU\GLVDGYDQWDJHELJJHUWRQQDJHDQGWKHUHIRUHKLJKHURSHUDWLRQFRVWV7KHUHIRUHWKHGHVLJQ
IRFXV ZDV WR GHYHORS D ORZ JURVV WRQQDJH DQG HTXLYDOHQW VDIH RSHQWRS FRQWDLQHU YHVVHO WKURXJK
FKDOOHQJLQJUXOHVZKHUHQHFHVVDU\WRPDNHLWPRUHFRPSHWLWLYH
$2LOWDQNHU$IUDPD[VL]H
7KHIRFXVZDV WRH[SORUHD'RXEOH+XOOFRQFHSWDV LW LVSXEOLFO\DQGSROLWLFDOO\VHW WREH WKHQRUP
ZLWK WKH IROORZLQJ VDIHW\ JRDOV UHGXFWLRQ RI SRWHQWLDO RIPHGLXP WR ODUJH DPRXQW RLO VSLOOV HOLPLQDWH
VPDOO VL]H RLO VSLOOV GXH WR RSHUDWLRQDO LQFLGHQWVDFFLGHQWV DQG WR UHGXFH EDOODVW ZDWHU H[FKDQJH 7KH
LPSOHPHQWHGFDVHVWXG\IRFXVHGRQWKHPXOWLREMHFWLYHRSWLPLVDWLRQRIDQ$)5$0$;WDQNHUE\JHQHWLF
DOJRULWKPVFRQVLGHULQJDYDULDWLRQRIPDLQFDUJREORFNSDUDPHWHUV WRGHPRQVWUDWH WKHSRWHQWLDORIEHVW
SHUIRUPLQJGHVLJQVZLWKUHVSHFWWRERWKHQYLURQPHQWDOLPSDFWDQGWUDQVSRUWHFRQRP\
